C NMR: 100 MHz), chemical shifts being given in ppm units (tetramethylsilane or the solvent residual signal for CD 3 OD as internal standard, indicating 0 and 3.30, respectively). IR spectra were recorded with a JASCO FT/IR-300 spectrometer. Specific rotation was measured with a Horiba SEPA-200 automatic digital polarimeter. MS spectra were recorded with a JEOL JMS-DX300 mass spectrometer or JEOL JMS-700 mass spectrometer. TLC analysis and preparative TLC were performed on commercial glass plates bearing a 0.25 mm layer and 0.5 mm layer of Merck Kiesel-gel 60 F 254 , respectively. Silica gel chromatography was carried with Wakogel C-200, Fuji Silysia BW-1277H, or Nacalai Tesque Silica gel 60 (150-325 mesh). Dry solvents (THF, ether, hexane, dichloromethane, and toluene; <50 ppm water contents) were purchased from Kanto Chemical CO., Inc. and used without further treatment.
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General procedure for the preparation of C 2 -symmetric catalysts To a solution of (2S,5S)-1-(pyridin-4-yl)pyrrolidine-2,5-dicarboxylic acid [1] (130 mg, 0.55 mmol) and the corresponding amino acid or amino alcohol (1.6 mmol, 2.9 equiv) in DMF or DCM (10 mL) were added NMM (148 l, 1.6 mmol, 2.9 equiv), EDCI (312 mg, 1.6 mmol, 2.9 equiv) and HOBt (222 mg, 1,6 mmol, 2.9 equiv). After stirring for 24 h, the mixture was evaporated and diluted with EtOAc (200 mL). The organic layer was washed with sat. aq. NaHCO 3 , brine, dried over Na 2 SO 4 , filtered and evaporated in vacuo. The residue was purified by SiO 2 column chromatography or preparative TLC on silica gel, or recrystallization to give the corresponding C 2 -symmetric catalyst. Preparation of (2S,5S)-1-(pyridin-4-yl)pyrrolidine-2,5-dicarboxylic acid was previously reported [1] .
(2S,5S)-2,5-Bis[(2S)-3-(1H-indol-3-yl)-1-(methyloxy)-1-oxopropan-2-ylamino]carbonyl ]-1-(pyridin-4-yl)pyrrolidine (8a)
According to the general procedure, 8a was prepared with (S)-tryptophane methyl ester hydrochloride in DMF and purified by 
(2S,5S)-2,5-Bis[(2R)-3-(1H-indol-3-yl)-1-(methyloxy)-1-oxopropan-2-ylamino]carbonyl ]-1-(pyridin-4-yl)pyrrolidine (8b)
According to the general procedure, 8b was prepared with (R)-tryptophane methyl ester hydrochloride in DMF and purified by SiO 2 column chromatography (AcOEt/MeOH = 5/1) 
(2S,5S)-2,5-Bis[(2S)-3-(2-naphthylmethyl)-1-(methyloxy)-1-oxopropan-2-ylamino]carb onyl]-1-(pyridin-4-yl)pyrrolidine (12a)
According to the general procedure, 12a was prepared with (S)-naphtylalanine methyl ester hydrochloride in DMF in 41% yield as a white powder. 
S6 (2S,5S)-2,5-Bis[(2R)-3-(2-naphthylmethyl)-1-(methyloxy)-1-oxopropan-2-ylamino]carb onyl]-1-(pyridin-4-yl)pyrrolidine (12b)
According to the general procedure, 12b was prepared with (R)-naphtylalanine methyl ester hydrochloride in DMF and purified by 
(2S,5S)-2,5-Bis[(2S)-3-(isopropyl)-1-(methyloxy)-1-oxopropan-2-ylamino]-carbonyl]-1-(pyridin-4-yl)pyrrolidine (13)
According to the general procedure, 
S7 (2S,5S)-2,5-Bis[(2S)-3-(isobutyl)-1-(methyloxy)-1-oxopropan-2-ylamino]-carbonyl]-1-(pyridin-4-yl)pyrrolidine (14)
According to the general procedure, 14 was prepared with (S)-leucine methyl ester hydrochloride in CH 2 Cl 2 with SiO 2 column chromatography (CHCl 3 /MeOH = 6/1) and successive preparative TLC (SiO 2 , CHCl 3 /MeOH = 6/1) in 71% yield as a white powder. 
4-Pyridinyl-L-proline 1'-hexylamide (17)
To a solution of n-hexylamine (87 L, 0.66 mmol), N-(4-pyridyl)-L-proline hydrochloride (100 mg, 0.44 mmol) in DCM (10 mL) were added NMM (48 l, 0.44 mmol), EDCI (125 mg, 0.66 mmol) and HOBt (89 mg, 0.66 mmol). After stirring for 24 h, the mixture was evaporated and diluted with EtOAc (200 mL). The organic layer was washed with sat. aq. NaHCO 3 (10 mL), brine (10 mL), dried over Na 2 SO 4 , filtered and evaporated in vacuo. 
Acylative kinetic resolution of racemic-6 with catalyst 12b
To a solution of racemic-6 (18.6 mg, 0.1 mmol), catalyst 12b (3.3 mg, 5 mol%) and 2,4,6-collidine (13.2 L, 0.1 mmol) in CDCl 3 (0.7 mL), isobutyric anhydride (11.6 L, 0.07 mmol) was added at 20 °C. After the mixture was stirred at 20 °C for 23 h, conversion of 6 was determined by 1 H NMR integration with dibenzyl ether as an internal standard. Then, the mixture was diluted with EtOAc and washed with 1 M aq. HCl, sat. aq. NaHCO 3 , and brine. The organic layer was dried over Na 2 SO 4 , filtered and evaporated in vacuo. Enantiomeric purity of (1R,2S)-6 (67% ee) was determined by GLC analysis with beta-DEX 225 at 150 °C.
Determination of the absolute configuration of 2,3-butanediol isobutyrate (23a) Asymmetric desymmetrization of 2,3-butanediol (22a) with benzoic anhydride in the presence of cat. 11, according to the general procedure, afforded the monobenzoate (S1) in 50% ee in 39% yield (HPLC conditions: CHIRALPAK AD, n-hexane/2-propanol = 97:3, flow rate: 0.2 mL/min, t R = 33 min, 37 min, Scheme I). The absolute configuration of S1 was
